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FOREWORD

The test program reported herein was conducted at the request
of the Aeronautical Systems Division (ASD), Air Force Aero-Propulsion
Laboratory (AFAPL), Air Force Systems Command (AFSC), Wright-
Patterson Air Force Base, Ohio for the University of Tennessee Space
Institute (UTSI) under Program Element DOD 625-0301R.

The results of the test were obtained by ARO, Inc. (a subsidiary
of Sverdrup & Parcel and Associates, Inc.), contract operator of the
Arnold Engineering Development Center (AEDC), AFSC, Arnold Air
Force Station, Tennessee, under Contract AF33{(615)-2691. The test
was conducted in Propulsion Research Area (R-2C-4) of the Rocket
Test Facility {(RTF) under ARO Project No. RW0541, and the manu-
script was submitted for publication on November 2, 1966.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the U. S.
Government subject to approval of Air Force Aero-Propulsion Labora-
tory (APIE-2), or higher authority within the Department of the Air
Force. Private individuals or firms require a Department of State
export license,

This technical report has been reviewed and is approved.

Joseph R. Henry Leonard T. Glaser
Lt Col, USAF Colonel, USAF
AF Representative, RTF Director of Test

Directorate of Test
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ABSTRACT

A test program was conducted for the University of Tennessee
Space Institute on a vertically segmented wall (Hall) and a diagonally
segmented wall (45-deg) magnetohydrodynamic generator. The
generators were 48 in, in length and had inside dimensions of 2 in.
in width, diverging from 4 in. in height at the channel inlet to 6 in.
in height at the channel exit. The plasma was provided by a gaseous
oxygen/RP-1 combustor with a Mach number 1. 6 nozzle. The pro-
pellants were seeded with potassium hydroxide dissolved in ethyl
alcohol to produce a high ion concentration in the exhaust stream.
The generated power was dissipated through a resistor load bank with
a variety of parallel and series resistance configurations. Operating
conditions varied as follows: combustor chamber pressure = 39 to
48 psia, KOH concentration to 1. 3 percent of total propellant weight
flow, magnetic field to 20, 000 gauss, and load bank resistance from
2.5 to 27 ohms. Tabulations of combustor performance and of the
electrical, pressure, and temperature data from the two generator
configurations are presented.
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SECTION |
INTRODUCTION

A magnetohydrodynamic (MHD) electric power generator is
classed as a direct energy conversion device. Ionized gas flowing
at high velocity through a channel is acted on by a transverse mag-
netic field to produce an electromotive force {EMF) perpendicular
to the velocity vector and the magnetic field vector. The same
physical principles are involved in an MHD generator as in a con-
ventional generator except that conducting gases replace the current
carrying conductors of the rotor.

The University of Tennessee Space Institute (UTSI) is currently
engaged in a research investigation of parameters governing the
performance of open cycle MHD devices. The program is designed
to provide correlation between theoretical and experimental perform-
ance of several types of MHD generators in order to establish basic
generator design criteria. The scope of the experimental effort in-
cludes a parametric study to optimize the performance of 45-, 60-,
and 75-deg slanted, Hall, and Faraday generator channels operating
at various gas dynamic conditions, electrical loads, and magnetic
fields. The walls of each of the channels will be segmented to reduce
the effect of the Hall field.

The test program reported herein was conducted in Propulsion
Research Area (R-2C-4) of the Rocket Test Facility (RTF). The
RTF personnel were responsible for design and fabrication of the
combustor with associated propellant, instrumentation, and exhaust
systems. The channels, magnet, diffuser, load banks, and electrical
meters were supplied by UTSI.

This report presents the data obtained from the vertically seg-
mented wall {Hall) and the diagonally segmented wall (45-deg) MHD
generator phases of testing. A description of the combustor, chan-
nels, magnet, and associated systems is given, and the methods used
to obtain the required measurements are presented.

SECTION I
APPARATUS

2.1 TEST ARTICLE

The test article consisted of a combustor, an MHD channel and
diffuser, a magnet, and supporting systems. These components are
described in detail in the sections to follow.
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2.1.1 MHD Generator

Two MHD generator channels (Figs. 1 through 3, Appendix I)
were employed: a diagonally segmented wall (45-deg) channel and a
vertically segmented wall (Hall} channel.

The copper channels were nominally 48 in. long with outside
dimensions of 3.75 in. wide by 8 in. high. The inside dimensions
were 2 in. wide by 4 in. high at the inlet with the side walls parallel
and the top and bottom walls diverging to 6 in. high at the exit. The
36-in. active portions of the channels (conforming to the 36- by 6-in.
magnetic field cross section) were assembled from several individually
insulated wall segments, each segment acting as an electrode. The re-
maining 12 in. of the channel lengths (nominally 6 in. at each end) was
made of copper blocks (transition elements) insulated from each other
to reduce eddy current effects. Four ceramic-insulated, stainless
steel rods running lengthwise internally at the four corners of the chan-
nel held the channel elements in longitudinal compression. In addition,
each element and block was attached to the adjacent elements or blocks
by ceramic-insulated, stainless steel screws.

The 45-deg channel segments (Fig. 2) were 0.417-in. -thick copper
slabs electrically insulated from each other by 0. 018-in. -thick mica
paper. The segments were inclined forward at 45 deg to the channel
axis to form a laminate array 40 in. long, of which 2 in. at each end
was part of the inactive portions (outside the volume between the 6- by
36-in. magnet pole faces) of the channel. The remaining 4 in. at each
end was composed of insulated copper blocks (transition elements).
Each of the 50 full segments was split at the middle to form a top and
bottom element, also insulated from each other by 0. 018-in. -thick mica
paper. These elements and the 16 partial end segments comprised the
electrodes.

The Hall channel segments (Fig. 3) were 0.582 in. thick and
arranged perpendicular to the axis of the channel. The segments of the
Hall channel were split at the middle and insulated similar to the 45-deg
channel. The 60 segments, with insulation, comprised the 36-in. active
length of the Hall channel; the remaining 6 in. at each end was com-
posed of insulated copper blocks (transition elements).

The diffuser (Fig. 4) was made from 1/4-in. stainless steel,
rectangular in cross section, diverging from 2 by 6 in. at the channel
attachment flange to 4 by 8-1/2 in. at the discharge plane over a length
of 24-1/2 in. The diffuser adapts to the forward bulkhead of the spray
chamber with a rubber slip joint seal and extends 8 in. into the spray
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chamber. A 5-probe water-cooled pressure rake (Fig. 5) was in-
stalled in the diffuser for measuring exhaust gas total pressure.

2.1,2 Magnet

The magnetic field was provided by a 20, 000-gauss electromagnet
(Fig. 6) and was directed normal to the vertical plane containing the
axis of the channel. The distance between the magnet pole faces was
3. 96 in; each face was 6 in. high by 36 in. long.

The magnet is of "C'" frame construction with eight strip-wound
coils, six coils having 48 turns each and two coils having 55 turns
each (Fig. 6¢). Each coil is designed to conduct 600 amp for a total
of 238, 000-amp turns. The magnetic field strength is presented in
Fig. 7 as a function of input current. Water cooling coils were in-
stalled adjacent to, but insulated from, the electrical coils. Cooling
water was supplied at a rate of 50 to 60 gal/min at a nominal inlet
pressure of 70 psig. In case of accidental power failure, the energy
stored in the magnetic field is dissipated through a 0.040-in. spark
gap located in the electrical terminal box (Fig. 6a).

Electric power to the magnet was supplied by fifteen, 400-amp,
40-v, d-c power supplies connected in five parallel arrays of three
each in series (Fig. 8).

2.1.3 Load Bank

The electrical power generated by the MHD channels was dissi-
pated as heat through four air-cooled load banks, each containing
252 heater element resistors (Fig. 9). Each load bank is capable of
dissipating 100 kw. The individual resistors are strapped to form the
desired parallel and series arrangements for impedance matching to
the channel electrical output.

2.1.4 Combustor

Ionized gas to the MHD generator was provided by a gaseous
oxygen (GO9)/RP-1 combustor (Fig. 10) operating at chamber pres-
sures ranging from 339 to 48 psia and at a nominal oxygen-to-fuel
ratio of 2. 8. A seeding agent consisting of a solution of potassium
hydroxide (KOH) saturated in MIL-A-6091 ethyl alcohol (21-percent
KOH by weight) was injected into the RP~1 upstream of the combustor
to increase the exhaust gas electrical conductivity.

The propellants were injected into the chamber through a 0. 9-in. -
thick, stainless steel injector (Fig. 11). The RP-1/seed solution was
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injected through 0. 04-in. -diam orifices located on radii of 0. 63 in.
(four orifices) and 2. 75 in. (eight orifices) on the injector face. The
RP-1 was injected axially through the inner ring orifices and inward
at an angle of 30 deg to the combustor centerline through the outer
ring orifices. The GOg was injected through fifty 0. 22-in. -diam
orifices located on three concentric rings between the inner and outer
RP-1/seed spray rings. Combustor chamber pressure was measured
through an orifice in the injector face.

The 7. 0-in. -diam by 14. 0-in. -long water-cooled combustion
chamber was fabricated from 347 stainless steel. The chamber cool-
ing water flow rate was nominally 30 lb,,/see, which provided a water
velocity through the cooling passage of 17 ft/sec and a water tem-
perature rise during firing of approximately 7°F.

The water-cooled, stainless steel exhaust nozzle {Fig. 12) was
bolted to the downstream end of the cylindrical combustion chamber.
The circular-to-rectangular cross-sectional transition is accom-
plished in the converging subsonic nozzle section upstream of the
throat. The contoured supersonic section diverges from 2.0 by
3.1 in. at the throat to 2. 0 by 4. G in. at the exit, providing an area
ratio of 1. 37 and a nominal exit Mach number of 1. 6. The nozzle
cooling water flow rate was 35 lb,,/sec, which provided a water
velocity at the throat of 33 ft/sec with a water temperature rise during
firing of approximately 5°F.

Engine ignition was provided by a hydrogen-air igniter assembly
(Fig. 13). The hydrogen-air mixture was ignited by a spark plug and
exhausted into the chamber through the center port of the injector.

The total flow rate of the igniter reactants was approximately 0.11 lbyy/
sec, and the air-to-fuel ratio was nominally 186.

2.2 INSTALLATION

The combustor, magnet, channel, and diffuser were installed in
Propulsion Research Area (R-2C-4). A photograph and a schematic of
the installation are shown in Fig. 14. The combustor was mounted on
a support stand and connected to the facility propellant and coolant
systems. The magnet was installed on the magnet support stand, and
the channel was placed on a support stand between the magnet pole
faces. The forward flange of the channel was aligned with and bolted
to the combustor nozzle flange. The channel diffuser extended through
the forward bulkhead of a spray chamber, which contained one air spray
ring and four water spray rings. A 12-in. exhaust duct was bolted to
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the downstream end of the spray chamber to direct the cooled exhaust
gases into the facility exhaust ducting to be discharged into the atmos-
phere.

The spray chamber (Fig. 15} is a 36-in. -diam, 10-ft-long
cylinder made of 1/4-in. mild steel. The air spray ring is located
just forward of the diffuser exit plane (Fig. 14b) and provides a non-
conducting shroud around the ionized exhaust gases to prevent electri-
cal conduction to the spray chamber walls until the exhaust gases are
cooled below the ionization temperature. The four water spray rings
cool the exhaust to a low temperature before it enters the exhaust duct
and is exhausted to the atmosphere. The spray chamber is insulated
against 2000-v potential from ground, and the supply lines and drain
line are made of cotton braid rubber hose. The resistance to ground
through the lines is about 1000 ohms with the 6-in. drain line full of
cooling water.

2.2.1 Electrical

Figures 16 and 17 show typical electrical circuits used for the
45-deg and the Hall channels, respectively. The electrical measure-
ments made were (1) voltage across the load resistors, (2) current
from channel electrodes to the load bank, and (3) current from the
channel element top-to-bottom. These electrical measurements in-
volved the lettered partial end segments and the odd-numbered full
segments of the 45-deg channel. The even-numbered full segments
were shorted top-to-bottom and were not connected to the load bank.

In the Hall channel, the even-numbered segments 8 through 52 were
shorted top-to-bottom, and the odd-numbered segments 9 through 51
were shorted top-to-bottom through ammeter shunts. Only segments 1
through 7 and 53 through 60 were electrically connected to the load bank
and equipped with ammeters for measurement of channel-to-load bank
current and element top-to-bottom current. Current from the four seg-
ments at the upstream end and the four segments at the downstream end
of each channel to the load bank was carried by 3/0 cable, and current
from element top to element hottom and from element to load bank for all
other segments was carried by No. 2 AWG 600-v cable.

The shunt panel (Fig. 18} is an electrical interface between the chan-
nel and the load bank, containing low resistance (0. 0005-ohm) shunts
across which current between channel elements and between the channel
and load bank is measured. Voltage taps and fuses to protect the meter
circuits and load bank circuits are also provided in the shunt panel.
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2.2.2 Propellant System

A schematic of the propellant system is shown in Fig. 19. The
GO9 was supplied from a 55, 000-scf trailer charged at pressures
ranging to 2200 psia. The pressure was reduced and maintained at
a value which provided the desired flow rate by an automatic pres-
sure control system. Oxygen flow rate was determined from a critical
flow venturi located downstream of the pressure control system.

The RP-1 flow was supplied by and controlled from a 75-gal stain-
less steel tank pressurized with dry nitrogen. The pressure-fed
alcohol-KOH seeding agent was injected into the RP-1 line upstream of
the engine injector. All propellant systems incorporated provisions
for purging the lines with dry nitrogen.

2.3 INSTRUMERTATION

Instrumentation was divided into two distinct groups - engine and
spray chamber instrumentation (herein designated support equipment
instrumentation) and channel and magnet instrumentation. Instrument
ranges, recording methods, and system accuracies for all measured
parameters are presented in Table I (Appendix II).

2.3.1 Support Equipment Instrumentation

Instrumentation was provided to measure combustor chamber
pressure, injector pressures, propellant and seed flow rates, propel-
lant tank pressures, combustor chamber and nozzle cooling water
temperature rise, and spray chamber pressure.

Bonded strain-gage-type transducers were used to measure pres-
sures. Copper-constantan thermocouple probes were used to measure
cooling water inlet and discharge temperatures and iron-constantan
probes to measure propellant temperatures. Fuel and seed flow rates
were measured with turbine-type flowmeters. The GOy flow rate was
determined by a critical flow venturi measuring device.

The output signal of each measuring device was recorded on in-
dependent instrumentation channels. Primary combustor data were
obtained from two combustion chamber pressure channels {one 50-
and one 100-psia), one oxygen venturi upstream pressure channel, two
injector pressure channels (oxygen injector and fuel injector), two fuel
flow channels, and one seed flow channel. The primary data were re-
corded as follows: Each pressure output signal was sent to a millivolt-
to-frequency converter. A magnetic tape system, recording in frequency
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form, stored the signal from the converter for reduction at a later
time by an electronic digital computer. The computer provided a
tabulation of average absolute values for each 0. 2-sec time increment.
The fuel and seed flow signals were sent through wave shaping con-
verters to the magnetic tape sjstems. A photographically recording,
galvanometer-type oscillograph, recording at a paper speed of

10 in. /sec provided an independent backup of all primary instrumenta-
tion channels. The secondary data were recorded on magnetic tape
from a multi-input, high-speed, analog-to-digital converter at a scan
rate for each channel of 75 times/sec. Playback of this tape on the
IBM 7074 computer provided a tabulation of average absoclute values
for each 0, 2-sec time increment.

2.3.2 Channel and Magnet Instrumentation

Instrumentation was provided to measure channel wall pressures,
channel temperatures (Fig. 20), generated voltages and currents, and
magnet input power. Channel wall pressures were measured using
bonded strain-gage-type transducers (0- to 30-psia). Chromel®-
Alumel® (CA) thermocouples were imbedded in copper slugs which
were press fitted into holes in the channel segments to locate the
thermocouple junctions approximately 1/4 in. from the inside chan-
nel surface.

The output signal of each channel pressure transducer was re-
corded on magnetic tape from a multi-input, high-speed, analog-to-
digital converter at a scan rate for each output signal of 73 times/sec.
Playback of this tape on the IBM 7074 computer provided a tabulation
of average absolute values for each 0. 2-sec time increment. Use of
this equipment was made possible by using electrically nonconducting
tubing from the high potential channel to the ground potential trans-
ducers.

Channel temperatures, generated voltages and currents, and
magnet input voltage and current were displayed on an array of meters
located on a rack-mounted meter panel (Fig. 21} and insulated for
2000-v potential to ground. The data from these meters were recorded
photographically by a 70-mm camera, which was timer actuated to pro-
vide photographs at approximately 1-sec intervals during a power
generation firing. These photographs were time correlated with engine
burn time by ""camera pulses' recorded on the oscillograph.
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SECTION 11l
PROCEDURE

Initial combustor checkout and calibration firings were accomplished
in preparation for generator runs using a water-cooled 5-in. -diam car-
bon steel pipe in place of the channel and diffuser.

The assembled MHD channels were received at AEDC on Novem-
ber 18, 1965 (45-deg), and January 17, 1966 (Hall). The channels were
installed for nonpower aerodynamic behavior studies and system checkout.
The magnet was then installed, and calibration runs were made to deter-
mine field uniformity at various magnet current settings.

Power generating runs were made for a variety of magnetic field
strengths, electrical loads, and seed flow rates.

Observation of measured channel pressure variation and post-fire
inspection of the channel during the early portion of the program in-
dicated that the channel pressure taps were susceptible to becoming
clogged with unburned seed residue. Therefore, the pressure meas-
uring systems were periodically checked by evacuating the channel
to -2 psig while recording the indicated internal pressure variation dur-
ing pumpdown. Figure 22 shows the indicated pressure variation for
clear, partially restricted, and fully restricted taps.

SECTION |V
RESULTS AND DISCUSSION

Two MHD electric power generator channel configurations were
tested to determine the effect on generator performance of variations
in external resistance loading, magnet field strength, and seed con-
centration. The products of combustion from a GO3/RP-1 combustor
seeded with a solution of potassium hydroxide saturated in ethyl alcohol
were supplied to the generator inlet at a Mach number of 1. 6 and at
total pressures ranging from 39 to 48 psia. The diffuser exhaust pres-
sure was approximately atmospheric for all firings. The channel -
pressures ranged from atmospheric during power generating runs to
11 £ 2 psia during nongenerating runs.

This report documents in tabular form the measured values of
combustor chamber pressure and propellant flow rates, generator re-
sistance loading, channel internal pressures, typical variations in
channel temperature during firing, and generator elecirical currents
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and voltages. The conditions at which performance data were obtained
are summarized in Table II. Data from 52 firings are included;

34 firings were made with a diagonally segmented wall (45-deg) chan-
nel, and 18 firings were made with a vertically segmented wall (Hall)
channel configuration. Also presented are the combustor operating
characteristics and a discussion of the channel structural durability.

4.1 COMBUSTOR OPERATING CHARACTERISTICS

The analog variations in chamber pressure, propellant flow rates,
and injector pressures during a typical engine ignition are shown in
Fig. 23. Also shown is the camera pulse trace which relates the time
when generator electrical and temperature data were photographically
recorded with combustor operational events. The times required for
the RP-1 and the seed to reach the chamber after propellant valve actua-
tion were 0.7 and 1.5 sec, respectively, at the nominal combustor
operating condition. The seed flow lag time (1.5-sec) was intentionally
long to prevent admittance of seed into the MHD channel prior to in-
creasing channel wzall temperature, thereby preventing electrically con-
ducting seed residue from forming on the cold walls of the channel.

The variations in chamber pressure and in RP-1, oxygen, and seed
flow rates are presented in Fig. 24 for a typical firing. Seed flow was
stopped approximately 3 sec prior to engine shutdown to ensure removal
of all seed residue from the channel walls.

The average values of chamber pressure and oxygen, RP-1, and
seed flow rate during the 1-sec period prior to seed flow shutoff (ty in
Fig. 24) are presented in Table IIT for all firings. All firings except
15, 25, and 26 were accomplished at a nominal chamber pressure and
oxygen-to-fuel ratio of 46 psia and 2. 8, respectively. Time t; in
Fig. 24 and in'Table IIl represents the time from activation of firing
circuit to the initiation of chamber pressure increase. Since the time
base for all data tabulated in this report is referenced from firing
circuit energization, t; can be used for correlating events from motor
ignition. '

The variation in chamber pressure with total propellant flow rate
(RP-1, oxygen, and alcohol) is presented in Fig. 25. Chamber pres-
sure varied linearly with total propellant flow rate for flows ranging
from 1.13 to 2. 00 1b,,/sec and with variations in oxygen-to-fuel ratio
ranging from 2. 56 to 3.13. Characteristic velocity {c*)} ranged from
5125 to 5260 ft/sec. Ko significant variation or trend in c* with total
weight flow or oxygen-to-fuel ratio was apparent over the range tested.
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The combustion efficiency based on the theoretical performance of
kerosene and oxygen propellants is estimated to be 92 percent, which
would provide a combustion chamber gas temperature of approxi-
mately 5000°F.

4.2 GENERATOR PERFORMANCE DATA

The measured value of individual channel resistance loads for the
ten load bank configurations used is presented in Table IV. Configura-
tions 1 through 5 were used during 45-deg channel testing and § through
12 during Hall channel testing. Power dissipating resistors were con-
nected between each active element on the 45-deg channel. During Hall
channel testing, power was primarily extracted through one large center
resistor connected between the parallel eight electrodes at the upstream
and downstream end of the channel. The center 45 elements on the Hall
channel were not connected to the load bank.

The physical location of all channel and diffuser pressure and tem-
perature sensing elements is presented in Table V. It should be noted
that the pressure and temperature subscript numbering scheme differs
for the 45-deg and Hall channel configurations.

The average values of channel pressure during the 1-sec period
prior to seed flow shutoff are shown in Table VI. No entry in the pres-
sure level columns indicates that the pressure taps had become re-
stricted with seed residue as previously discussed in Section III.

The channel electrical currents and voltages measured during the
1-sec period prior to seed flow shutoff are presented in Tables VII
(45 deg) and VIII (Hall). Channel total current, total voltage, and com-
bustor chamber pressure variation at 1-sec intervals are shown in
Fig. 26 for a typical generating run. Sign conventions utilized were:
{1) current flowing from channel to load bank denoted positive, (2} cur-
rent flowing from top channel element to bottorn channel element de-
noted positive, and (3) increasing electrical potential above ground
(upstream channel potential) denoted positive.

Typical variations in 45-deg and Hall channel temperature during
firings with and without power generation are shown in Table IX. It
should be noted that the least division of the pyrometer gages utilized
for recording channel temperature was 20°C.

10
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4.3 CHANNEL STRUCTURAL DURABILITY

The determining factor governing the number of test firings accom-
plished with a given channel configuration was the channel structural
and electrical insulation durability. Initially, it was believed that pit-
ting on the internal surface of the electrodes would be a significant factor.
However, no pitting or metal erosion in the internal flow passage was
obgserved. The heat sink characteristics of both channels were adequate
for firings having burn durations to 15 sec.

Testing with the 45-deg channel was discontinued after a total of
34 firings with a total burn duration of 272 sec because flame was
observed emanating from between elements of the upstream transition
section. Post-fire photographs of the 45-deg channel are shown in
Fig. 27. The opening in the upstream transition section through which
flame was observed emanating is shown in Fig. 27b. An epoxy resin
installed in the crack following firing 26 (192 sec total firing time) was
ineffective in providing a permanent seal. Partial blowout of the mica
paper insulation from between some channel segments was also observed.

Hall channel testing was discontinued after 18 firings with a total
burn duration of 224 sec because of gas leakage at the downstream
transition section. A copper plate insulated with mica paper was in-
stalled with ceramic-insulated screws to seal the cracks in the transi-
tion section vertical walls (Fig. 28a). However, during the subsequent
firing, gas leakage through the bottomn downstream transition section
burned through the Teflon® insulator pad (which insulated the channel
from the support stand) (Fig. 28b) causing an electrical short. Testing
with the Hall channel was therefore terminated.

11
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TABLE ¢

INSTRUMENTATION

Parameter

Estimated Steacy - Slate
Systems Accuracy of
Operating Level, peroent

Measuring Device

Range of
Measurmg Device

Kecarding Method

Chamber Pressure

Venturillpstream Pressure

RP-1 I'low Hate
Seed Flow Rale
Ouygen Flow Rate

Injector Pressures

Channel Pressure

Mifuser Pressure

Nozzle Static Pressure
Rake Vressare

1t1*-1 Tank Pressure
Secd Tank Pressure
Channel Veltage
Magnet Voltage
Channel Current
Magnet Current

Channel Temperature

| Thffuser Temperalure

Time

£0 75

11
0 5
=0 5

i2

11

1

11

+]
11
+1
£l
+1
X1
+1
11
+20°C

z20°C

| I

Bonded Strain-Gage-Type

Transducer
i1}

Turbine-Type Flowmeter

Ventur:

Bonded Strain-Gage-Type
Transducer

Voltmeter

Ammeter

"

Chromel- Alumel Thermo-
couples

Synchronous Timing
Gunerator

0 50 peia
0-10¢ psa
0-300 psia

0-1 0 Lh/nec
t-0 16 1b/sec

0-200 pmin
0-23 psia

0 30 psia
0-50 psia

N 25 paia
0-50 peia

0 25 ps1a
0-100 psia
(-500 psia
0-500 poia
-20-100 v
0-120v
-20-100a
(-2000a

Millivolt-to-Frequency Converter onto
Magnetic Tape

Low Level Multiplexcd Analog-to-Dgital
Converter onto Magnetic Tape

Photographically Recording Galvanemeter-
Type Oscillogtaph
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TABLE Il
SUMMARY OF OPERATING CONDITIONS
Run Channel Magnetic Field Nomunal Load Bark Measured HNomuinal
Number | Configuration Strength, gauss Prg::i:’_:?;s]a C°;fl:rg:;::‘°" ;ZZ?SEE:‘"CI;ZE::; Percent Seed
15 1 Hall Aerodynamic Checkout 40 7 15
Firings
15,2 1§
15 3 15
15. 4 15
16.1 45 deg 46. 2 15
16.3 1§
17 1 15
17 2 10, 000 1 11 620 18
18 1 ! 15, 000 1 | 15
189 2 ' 20, 000 1 15 i
19 2 ! 18, 000 2 15. 674 15
19.3 , 20, 000 2 15
20.1 2G, 000 3 11 260 1] |
20 2 14, a00 3 156
20 3 18, 00D 3 15
20. 4 20, 000 3 15
20 & 17, 900 3 0
20 & 24, 00D 3 15
22 1 15, 000 4 5 618 [}
22 2 15, a0o 4 15
22 3 15, 00D L] a
22.4 20, 000 3 15
22.5 15, 000 4 0
22,6 20, 000 45 4 4 20
22,7 20, 000 45 4 4 2D
22.8 20, Co0 45 7 4 10
23 1 15, 000 46 2 5 15, 543 0
23.2 20, 000 t 5 15
23.3 20, 000 5 15
23. 4 20,000 45 4 5 20
23.5 | 20, 000 45,4 S 20
23.5 ' 20, 000 46 2 5 0 !
241 20, 000 1 5 0
24.2 1 20, aso S 15
25.1 Ball { 20, aco 40,4 a 2.493 20
vo25.2 20, 000 8 20
2601 20, 000 8 20
25 2 20, ago 3 20
27 1 20, aCo 46.0 a 20
27 2 20, 000 a 20
27,3 20, DOD 8 20
27 4 15, 000 8 20
28,1 20, 00D 9 4 852 20
28 2 20, 00D 9 20
28.3 20, 000 9 20
28,4 0 9 a
29 2 20,000 10 9 692 20
g 2 20,000 10 20
30.3 20, 000 10 20
at 1 20, 000 11 14 627 20
a2 20, 000 11 } 20
32.1 2¢, 000 12 27.715 20

*Number to left of decimal denotes run seguence,

Number after decunal denotes order of [irings in each sequence,
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TABLE III
SUMMARY OF COMBUSTOR PERFORMANCE

AEDC-TR.56-240

Run ty, ty, Average Combustor Conditions at to | Burn Time, sec
iNumber sec |sec 1: Pey, psia | Woy. bps | Wrp- 1, 68 | Wacon pps; ;&:;: xsg;};%ut
i
15. 1 9.3 |12.6] 40.7 1.159 0.321 0.078 | 4.4
15,2 9.7 |12.8] 411 1122 0. 328 - .4
i 15. 3 9.9 |17.2| 41.3 1.176 0.318 0.078 8.2 3.2
15. 4 9.5 |22.8] 415 1.186 0. 316 0.079 |14.2 2.6
16.1 9.5 |14.2| 43.9 1 283 0.345 0.086 5.6 | 4.0
16.3 9.3 |14.4| 5.1 1. 292 0.341 0.084 6.0 3.0
17.1 | 10.7 |15 4| 451 1. 246 0. 380 0.084 5.8 | 16
\
| 172 8.7 |13.2| 5.4 1.270 0. 380 0.084 5.6 | 2.4
.
181 1 9.2 (141 466 1.284 0.330 0.086 ' 5.8 | 2.2
L 182 9.8 [14.3  46.5 1.290 0.380 0086 54 2.4
16.2 | 10.3 |15.2,  46.9 1. 319 0.371 0.088 ' 5.8 [ 2.0
19.3 | 10.5 [15.2] 47.0 1.315 0.373 0.088 5.8 1.3
20.1 9.7 |15.8| 48.1 1.297 0. 449 0 0 7.8
20.2 9.7 l15.0| 46 2 1.202 0.374 0. 087 7.8 1 1.4
20. 3 9.5 |14.2| 46.3 1.203 0. 374 0. 088 5.6 1 2.8
20. 4 9.5 '1a.6 45.2 1.284 | 0.374 0.088 6.0 ; 1.8
20.5 9.5 14.2| 46.7 1.292 0. 239 .- 3.6 5.5
20.6 9.5 14.4] 46.2 1.290 i 0.376 0.088 | 5.8 | 5.4
22.1 9.7 [16.8] 47.1 1.334 | 0.448 0 I o 8. 4
22.2 9.5 l14.4] 46.7 1.326 0.369 0. 087 5.8 | 2.8
22,3 9.7 |16.6] 46.7 1.329 0.448 0 0 8.4
22,4 9.7 |14.4| 46.2 1.303 0.371 0. 087 5.6 2.8
22.5 1 9.7 |16.6| 46.6 1. 309 0. 448 0 0 8.2
| 226 ! 9.7 [1a.2| 45.8 1.293 | 0.347 0.113 5.4 | 2.6
i 22.7 | 8.7 |14.2| 45.7 1.287 | 0.345 0.113 5.4 i 3.2
: 22.8 | 9.7 |14.6| 46.3 1. 300 0.398 0. 056 5.6 ‘ 2.8
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TABLE IlI (Concluded)

Average Combustor Conditions at tg Burn Time, sec
Run . ts,

Number ggc | ==C P.pn, psia WOZ' pps | WRp-1, PPS | Weaad pps. ;‘:;2 Wslfe].:(;m
23.1 9.7 16.6; 45.7 1.2889 0. 446 1 0 S0 8.8
23 2 9.7 16.6 i as.2 1. 288 0.379 0. 086 7.4 3.6
23 3 9.7} 16.8 46.1 1.279 0.379 0.085 7.8 3.8
23 4 9.7| 16.6 45.9 1.261 0. 363 0 110 7.8 4.0
23.5 9.71 15.8 45.3 1.242 0. 361 0.110 7.8 0
23. 6 9.7 16.6 44 6 1.221 0. 455 0 0 8.6
24.1 8.5 15.8 46.4 1. 308 0. 437 0 ] 8.8
24.2 8.5 15 6 46 § 1. 307 0.378 0. 084 8.0 3.2

. 5.1 6.71 13.2 | 30.7 1.125 | 0.285 0. 099 7.6 | 3.4
| 25.2 6.7 | 14,0 40 6 1126 | 0.31 0.100 8.2 36
26.1 5,5 12,2 40. 3 1.118 0. 316 0.100 7.8 4.0
26 2 55| 12.8 40.4 1. 120 0.315 0.100 8.2 36
27.1 6.3 | 16.0 46.1 1 265 0.363 0.114 10 6 2.6
27.2 5.5 | 15.0 46 1 1 263 0. 364 0.114 10. 4 2.6
27.3 5.5 | 15.0 46. 1 1.265 0, 362 0.114 10. 4 3.0
27.4 5.5 | 15.6 46.1 , 1.263 0. 364 0.114 9.8 3.4
28.1 | 5.5 | 15.8 46.1 1.259 0. 364 0.114 9.9 33
;
28.2 5.5 | 15,4 45.7 1.251 0. 364 0.114 0.8 2.8
28.1 55| 15 6 45.1 1.222 0 363 0,114 10.8 2.8
28.4 56| 17 4 42.9 1. 158 0. 457 0 0 13 6
29.2 55| 15.2 45.1 1.257 0. 359 0.114 10. 6 3.2
30.2 53| 12.6 46.2 1 282 0. 360 0.114 8.0 3.6
30.3 5.6 | 12.2 46. 3 1.282 0. 359 0.114 7.6 3.6
31 1 5.5 | 12.6 46.2 1278 | 0357 0.114 8.0 | 3.2
31.2 5.5 | 12.8 46.3 1,285 1 0,356 0.114 B.2 i 3.2
32.1 5.5 | 12.4 46.2 1.280 0 360 0.114 78 3.6
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TABLE IV
SUMMARY QF MEASURED LOAD BANK RESISTANCES

Measured Resistance, ohms
Resistor
Number | Config | Cenfig | Config | Config. { Config. [ Config { Config. | Config | Config. | Config.
1 2 3 4 5 B g 10 11 12
R-1 - 0 0 0 0 D 0581 | 0 0381 0 114 [ 0 1730 | 0. 3445
2 0.12 ' 0. 172 0,129 0 0.172 ' 0.0632 | 0.0632 0.125 | 0.1993 - 0 3BB9
!
3 0.14 0.200 0 141 0 0.199 ' 0 0693 | 0 0698 0,137 (| 0.1976 | 0 4635 !
] ' ]
4 0.21 | 0.232 0. 156 0 0 232 | 0,0748 | 0.0748 0.148 | 0 2266 | 0 4502

3 0 17 0.231 0 155 10,0765 0.229 | 0 0847 | 0.0847 0.168 | 0 2543 | 0 4977

B 0 20 0.231 Q.172 \ 0 0871 0 229 0 0964 | O 0964 0 190 0 2979 | 0,5B73

7 0.20 0.233 0 176 | 0 085% 0.233 .- --- --- --- ===

8 0.42 0. 575 0.400 | 0 205 0 576 --- --- --- --- ---

o | o.42 | 0s72 | o400l o205 | osvs - - - - -

10 0.47 0.620 0,429 0 217 0.623 --- --- --- --- ---

11 0. 47 0. 620 0.431 1 0,232 0.G28 --- - ! - .- ---

12 0.41 0,599 0 412 0,232 0. 589 --- --- ! - -B ---

13 Q.43 0.598 0 412 | 0,232 0.588 === --- --- .- ===

14 0. 41 0.574 0.400 | 0.224 0.577 --- “-- --- - ---

15 0. 41 0.571 0 400 | 0.240 0.573 --- --- ~-- --- -

16 0.48 0 571 0 400 | 0 224 0 574 --- -e- --- --- - -

17 0 44 0, 548 0. 400

0. 39 0. 570 0.388 | 0.200 0.573 --- hliahd - “-- ===

19 0. 39 0. 548 0,388 | 0,211 0.547| -— --- ---

21 0. 41 0 546 0.337 | 0.208 0. 3546 --- ---

|
| |
20 i 0 38 0 560 0.387 | 0 208 0347 ' --- --- --- .- ik
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AEDC-TR-66-240

TABLE IV (Concluded)

Measured Resistance, ohms
Resistor
Number | Config. | Config. |Config. | Config. | Config |Config | Confipg. | Config.{ Config. | Config.
1 2 3 4 ) ) 9 10 11 12
R-22 0.38 0. 500 0.378 | 0.197 0 502 --- --- --- --- sik-
23 0.43 0.500 0.365 | 0.187 0. 503 --- --- --- - ---
24 0 37 0. 480 0.355! 0.183 0. 483 ~-- --- --- --- ---
25 0 34 0 430 0 355| 0 82 0.483 .- --- --- --- ---
) 26 0. 37 0. 467 0.350| 0.173 0. 466 --- - --- -—- ---
27 0.41 0. 467 0,348 ] 0.173 0 467 --- --- --- --- ---
28 0.34 0.487 D0.328 | 0.174 0. 487 --- --- == --- -
29 0. 32 0,471 0 323| 0 115 0. 466 .- .- .-- - ——-
30 0.31 0. 400 0.351} 0 175 0. 400 0.0848| 0.0848 0. 166 0.2534 | 0,4963
31 0.31 0.400 0.310( 0.174 0. 400 0,0758| 0.0758 0. 149 0.2250 | O, 4523
32 0,32 0. 382 0.299 ' 0.1951 0.383 0 0679| 0.0679 0 133 0,1919% | 0.3733
33 0 30 0.382 0 28| 0.134 0. 382 0 0516| 0 0616 0 123 D.1921 0.3737
: 34 0.13 0.221 0,200 | 0,0611 0.1¢1 0.0563| 0.0563 0.110 a.1677 | 0.3381
35 0.15 0.170 0.112 | 0, 0560 0. 167 0.0520| 0.0520 0.101 0.1483 | 0.3171
36 0.09 0.170 0.102| 0.0530 0.187 --- --- 0. 060 0.0896 | 0.1788
37 0. 07 0,136 0. 089 | 0.0465 0.134 --- --- - --- ---
38 0. 04 0.120 0 072 a 0.111 --- --- --- --- ---
38 0.04 0,088 0.072 0 0.083 - ——= --- --- ---
40 0 0 0 0 0 .- --- --- --- ---
41 0 0 0 0 0 --- --- --- --- -
R Center --- --- -e- -~ --- 1 548 4.007 7.97 12. 01 22,455
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AEDC-TR-66-240

TABLE VY
LOCATION OF CHANNEL PRESSURE AND TEMPERATURE SENSING ELEMENTS
45-deg Diagona. Channel Hall Channel I
Parameter Element Axua_l Radial Flement Axial Radial
Position, . . Pos1tion,
Number . Pasition Number % Posation
%, in x, in,
Upstream End
Pi Upstream 2.5 B Transition 2.5 T '
End
: Element
Transition
P2 Element 2.5 T 1 8.5 T
P3 B 8.4 B 1 8.5 S
P4 1 8.3 T 1 8,5 B
PS 4 ! 10.1 T B 11.§ T |
: L]
P6 8 12,5 T 6 11,5 £
P17 3 13,9 B 6 11.5 B
Pa & | 13.8 ) 12 15.1 T
F9 11 12,4 T ' 12 15.1 S
P10 14 16. 2 T 12 15.1 B
P11 18 18 6 T 18 18.7 T
P12 13 20.3 B 18 ) 18,7 s
i —i
I P13 18 20.0 S 18 18,7 B |
Pl4 21 20.4 T 24 22.3 T
P15 24 22.2 T 24 22.3 S
Pl€ 2B 24.6 T 24 22.3 B
P17 23 ' 28.5 B 30 25.9 T
rig 28 26 1 S 30 25.9 S
P19 31 26.5 T 30 23.9 B
' P20 34 + 28.%2 T . 36 29.4 T !
H L ]
P21 37 | 30.1 T | 36 29.4 S
P22 32 32 2 B 36 29.4 B
P23 37 31 6 s 42 33.0 T
T ~ Top
B ~ Bottom
S - Side

* Distance from Nozzle Exit Plane
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TABLE V (Continued)

45-deg Diagonal Channel ! Hall Channel J
Parameter Element P?:;;Ln Radl_al | Element P‘z:i:ilon Rac.hal |
Number —— » | Position Number x, in. « | Position
P24 40 31.9 T 42 33.0 S
P25 43 i 33.7 T 42 33.0 B
P26 47 36,1 T 48 36. 8 T
P27 42 3s.5 B 48 36.6 5
P28 47 37.8 S 48 36.6 B
P29 i 50 37.9 T 54 40.2 T
P30 A 3e.7 T 54 40.2 S
P31 E 42,1 T 54 40.2 B
P32 51 44,2 B 60 43.8 T
P32 b 43. 4 8 60 43.8 S
P34 H 43.18 T 60 43.8 B
P3s Downstream 49.7 B Downstream 49.7 T
End End

P36 El’ ::lii;i"“ 49.7 T E;“n’i‘:l;"“ 49,17 B
rat Diffuser 54,0 T Diffuser 54.0 T
P38 56.3 T 56.3 T
P3g 67.1 T 67.1 T
P40 : 73.8 T 7%.8 T
ol [T | | P e | < | @
PNS2 --- s --- S
PNS3 ~-- S --- 5
PNS4 --- T --- T
PEX-1 ;’;ﬁ:sure 54.3 T ;:ﬁ:““re 54. 3 T
PEX-2 l l Center | ’ Center
PEX-3 : ] s } } s

T ~ Top

B ~ Bottom

S - Side

*Distance from Nozzle Exit Plane
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AEDC-TR-66-240

TABLE V {Concluded}

45-deg Diagonal Channel ' Hall Channel
Parameter
Element Al Radial Element Ax.lal Radial
A Position, Position Nomb Position Position
umber %, 1n. * umber x, in. *
PEX-4 | Pressure 54.3 S Pressure 54.3 K]
Rake | Rake I
PEX-5 | | B | l © B
' T
PDE-1 | Spray --- --- Spray === Po---
PDE-2 | Chamber Chamber
Upstream Upstream
T1 End 3.7 T |Fed 3.7 T
Transition Transition
Element Element
T2 C 8.0 B 5 1D g T
T3 | 2 8.9 T 5 1.9 | s
T4 10 13.8 T 5 10. ¢ B
TS 12 19.6 B 17 18.1 T
TS 17 19.3 S 17 18.1 )
TI 20 19. 8 T 17 18.1 B
T T 1
T8 22 25. 4 B 31 26.¢ T '
T9 27 25.4 S 31 26.4 S
TI1D 30 25.9 T 31 26. 4 B
T11 31 31.6 B 43 33.6 T
1
T2 36 . 3L0 S 43 33.6 S
T13 3u 31 3 T ] 43 33,8 B
T 49 37. 4 T 55 40. 8 w
T15 30 43.6 B 55 40.8 S
T16 C 42 7 S 55 40. 8 B
TL7 G 1 43 3 T Downstream 48, 6 ' T
Transition
T18 , Downstream ' 48,6 T Downstream 43. 6 B
Transition | Transition ' |
! T19 Diffuser 53.8 T Diffuser 53.8 T
' T20 Diffuser 67.0 T Diffuser 67.0 T
T - Top
B - Bottom
S -~ Side

*Distance from Nozzle Exit Plane
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TABLE VI

SUMMARY OF CHANNEL PRESSURE MEASUREMENTS

*Sae Fig, 24

Run | *Time. Diffuser Tg;ql}_‘f’resmrcs,_ Nozzle Exit lS:(B%:icPresuurns. Chansasl| MeElelR tsay ceanipain e ]
Number |12, se¢ | ppy 1 [pER-2 [PEX-3 [PEX-4 [PEX-5 [PN5-1 |Pis-2|Prs-3/PNs-4 | p1 | P2 lpa Ps ps | pe [ P7 LPH P [P10 P[Pz [P1afpie [eus
il
15.1 | 12,6 | 27.3 | 271 [22.7 [203 | 30.7 | 11,6 | 11.2] 11.6] 11.8 |--- h1.0012.0 151013 2 13,0 [11.7 10,5 |12, 2[12.6[11.8/11.5[11. 3 |10.4|10.8
15.2 [ 12.8 | 27,y [ 264 | o= | --- | --- 120 [ 119] 118 12.0 [--- 1z ieeps2f19. 4531 807 12.812.8[11.8 11.6]11.5 |10.8] 112
e L [ | e e oo foee Qe oo Lana] niwlnag oo anahogpsafsehas elwslizshz ezl hor |
15,4 | 228} -=- | -oc feee | oo ) ees | oo i3] 12.1) 12,4 |--- prs 4 a.afizefise cem Je | -- Jshinifana)-oe 0.5 |
161 | 142 30,4 | --- | --- |24.7 |20.8 | --- 125 136|132 lizapan |- o oo hagl34]-.c haglinafio0l--- |1z.2 s {101 |
| 16,5 | 14,4 | 313 | -« | === |25.4 | 298 | --- | 12.7] tx.8] 13.3 [12.9 13.1 14.6] -- 13,1 13.8[--- [13.4[10.810.4]--- [12.7 1z.n}10 6
471 | 15,4 [ 204 ] - Jez6 |20.4 | 335 | 118 125! 13,2 13,7 [11.5)12.8/14.7]14. 3{11. 3]13.0/13. 513, 3] 12. %] 10,5 10.0 14.8[12.5]12. 1 10.5
| 17.2 | 13.2 [ 2000 | -~ | 22,9 /20,7 | 92.5 | -ee | ee | -e- | o= (11,8 12.8)1a.8 (38,2012, 2]13,2 13, 7|13, 5[ 2. 0] 10, m 11,415, 3] 12.7] 12,4 10.%
161 | 141 | 288 ) - Joa0 Jozm |54 [ -o- [ oo | oo oo Diaoihaoaleefieafiz[ia s 1g.0lie 2134 12,011,018, 7]12.8]13.9 110
18.2 | 14.3 | 205 | -~ |32.6 |22.9 |wed | - | —=- | o= | - lizolig.1fisca 14,3[12,7/13.7(14. 3/ 14.4[13.5 11.7,12.7/16.2/13.2 13.7 116
19.2 | 15.2 | 29.6 | .-~ | 23.4 {22.90 29,4 | --- ---_:‘—l‘l.ﬂ --- 147 [14.1,18.8) --- | --- 12,5 15.7/18.1,
e A ses as | oo Wamie fizoigad or sl oo il o -- 1.9 14.7]--= 14.1] 14, 12.7)15.8/13.1
20.1 | 15.8 | 20.4 | -~- | 230 | 21.6 [ 33.3 | +-- | == | oo | oo |11.8]--- [1a.2] --- 12.9]13.4]14. 11.4/16.1/12.8
20.2 | 150 | 28.5 | .-~ 1227 | 221 |08 [ --- | oo} oo f oor f3ypf-e- |14B|--- |- N1z af13.7)18, 11 9{15.4]12.6
(208 |1aw|264 | -- [0 (222 [pop | .o | o [ o] o- hizof--ofusedoee [ooc fansfan.afig 0] oo | -—- Junolos. of sz g] - |
20,4 | 14.8 | 25.8 | --- | 22.2 | 22,4 | 20.5 | -— S s (12.1]--- 18,8 )= |- 134 [14. 00041 --- J12.4 15.0!13.1
20.5 | 142 | 28.8 | o= | 237 J223 | 300 [ -- [ - | --- (121 ]--- |14 -as i--- 13219004, 8] --- | -~ [ 11.0[18,2(13. 0
206 | 164 | 25,0 | - 222 (224 |#ps | --- | oo | x| o [122]ec |aeloe 1o g i fraofran) oo | o Tio alisi0ls 2] -
281 16. 8 1.4 o= r!‘.? 22.17 e 0 e !31 14.0 13,7 12,9 |--- |14.0|--~ |-a= [ --- ]13. M4 0 T s e ot | S 0 ./ ) 00
e 14.4 28.9 =200 12.{.6 22,5 30, 2 oge 12. 8 =R 13.5 12.3|--- |14, 2]|--- | --- [13.6]|13. 3]13.4( --- --- [15.4/12. 8
22.3 | 16.6 | 31.3 | --- | 249 |22.8 | 30 - | 1o --- 137 |12.8,--~ 137 --- |-2-|--- |13.8]18.0]--- ) --- | --- |16.5/12.8
22.4 | 14.4 [ 253 | -~ |2a2 224 | 261 |--- | 12.8] --- | 13.8 [12.5]--- [14.3)--- | === |--- |13, 8[t4.0] == | --- | .-- [15.0]13.3
a2.s | 1e. 518130 = |aso [s2.9 [ 884 | -« | in.0] - a7 lisn)-en hims| s [oon [oon faay 14,3 -} ---l16.5]13.0 ]
32l ([0 k2| e 22.8 | 22.2 | 25,5 12,6 | --- | 13.4 {12.6/--- l1a.2|-oc |- |- 13 afa3,7) -] - 15.4/13,2
P il S T e S S e [ [ o e (T A T [ e, T e T e [ e (N ™ [ T
| 22.8 14.6 | 26.4 23.5 :;2.2 ‘ 2H. 4 = 12 T Cog 13.6 112.8|--- |14 'li*'- —eg |geah ] it 'I‘ﬂ.?I = =-= | === | 1R. 04 13.2
2.1 | 18,6 | 90.5 | --- [23.0 [21.8 |99.6 | -~ |am7] --- |31 fye# |- [1304-oc [oon [ oo [mg] oo ) oo | om [ oo 16,3 1208
20.2 | 165 | 256 | - |23.3 |22 | 367 | --- |12.7| --- | 13.2 12,7 | P | | e e [ o || A
33,3 | w0 --- (230 l224 (282 | --- | 127] == {433 {128 |-~ jag0ees |- | -=- [14.0] === | === | =oc] --=| 16.3] 15.2
| 23.4 | 166 | 25,5} - l23.p (2203 29,8 | --- [12.8] -~ | 13.4 J1o.pl--- Juzm)-- |- | -o- [nacel oo oc] oo ] o0 as. A
23,8 | 15.8 | 25.2 [ --- 228 (22,0 | 27.n |~ [24] - [ a2 2w |e-n fiaafoee |- [ 12,8 oo |-l oo [ ool 158 13,0
23.0 | o0 200 - Tanw Jona Loty [ --- {azg] --- [uses 1z alee= Jazeplone |ooe | com foged = [l | i an g 128 -2 [ 101
2¢.1 | 15.8 ) 31,3 | 301 ] 257 |22.4 | 320 { ~-- | 12,8] --- | 3.4 [12.8]--- [18.8)--= |-ox | oo [13.9] oo | coe] oee | <o | 16.3]0800] ---| 103
.2 | 15.8 rzs.uﬁs.:- 20,7 |22.3 [23.0 [ - {12, sJ --- | 13.6 |13.0]--- [14.2 I Tl BUT: Pty ety Rl R RT R R EN __J 1.6

0rZ-99-41-303Vv
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TABLE VI (Continued)
— A A s — -
e 5, Channel Static Preodure, pela Diffuser Static Pressure, psia Spray Chamber
. [
Number iy, sec S T‘_- h —[ B N NE‘
1"E f PI7 | PI8 |Pi6 | P20 | P21 | P22 | #23| P24 P25 | P26 | P27 P28 | P2y | P30 | P31 | P32 | P33 | P34 |P3s| pas | Pa? P3R Py P40 | POE-L | PLE-2
1.0 | 12.6 |15 1o.e| w0 |10.5]10.2 | 10.v]10s] 2| aa2] oaa] 9.56|10.2] v.52| v.oulo 11| 9.43] 10.0| .48 | 9 17 |14.7 | 14.8 | 15.5 18.3 7 13.0 | 14.2 | 143 4.3 |
152 | 12.8 itslat 110801087104 [ 01.1 /105 103101 |01 8.79110.5! 0.67] 9.20)0.30| 9,67 11,1 6.56 ; 0. 61 14,2 34,3 | 191 16.3 13.6 | 14.2 143 | 14.3
15,1 | 17.2 w1 07! t0.1 | 1o.n [ 10.2 | 10.7] 10,1 4 a4 w2l 101 as2l16.2] war] e wuz! vl seal e | Aen e glrea [ 152 1.3 | 14.1 14.4 144 | 4.4
6.4l 226 J10.6] -= fyoa|-ee | o0 |- | o5y - o 8t|age | --- lioe| ~ee | go2qfug2! - liraflpes | aanfraggay 27 | 178 | 141 | 1.4 (144 ) 144
16.0 | 142 Jizz|1zrjizlnz! sesl1r2it 2|17 120 1,0 ] poas osfi0e ] ade]l--- Yoz 1.0 9.568 15,0 |15 4 ! 158 | 21.9 1.6 | 4.1 | 14.3 14.2
16.2 | 14.4 lizofvrel a2l sas|onaltshiza iz Lo Jieo tavolioe | see)--- 1102 ) 11,00 --- ot g lasg 1170 [ 223 T ans | 1a2 [1aa 188 !
17.1_ | 15.4 [12.8] 43,2 12,7 110] 7.9afn.2 sos a1 Lae f1e0 16701030 saal-o Dot secal onn |o9.40 0140 [164 6.6 | 21,5 | 184 | 14.2 | 14.3 4.3 |
| 17.2 12,2 [12.7]12.8 /13,0011 4] 644|113/ 1. 0)12,2 12,0 | 11.2 i 10.8 [ 11.0]1InA 8.80! --+ |10.7 | 10.8! === N0 4. |1n.t | 18,0 2.9 | 13,8 4.2 14.2 14.3 |
181 J ey w2127 002.2] esrlizs 20126 tae [v1s bans Jaeafie | mas| - |n.e .1l 10.0 .2 18,4 | =" 12.8 | 144 [14.5 14.5
18.2 149 112.2014,714.3 (13,3 )20, 18,8 143112 21 136 1133 [ 18. % i'12."1 |15.4 | 12,3 ==l b2 ’—1;5 5o 6.2 6.7 | 16.8 | - 5= 13.8 14.4 | 4.5 14.5
19, 2 15.2 -e- | 14.4 13,0 ] --- 1164 |18, 8 3.1 12.8 ) === 32,8 | (3,0 121|124 | 11.2 *t |32.% [ 14.9] == 14,4 16,0 16.4 i 4 ﬂyw.a 14, 2 14,3 14,3
19.8 | 15.2 - |ge3l1et ] --- Jrra Jus1)1nelisz] — |is¢ |is.e 1125 132 ﬁ 12,1 | =>- las.0 | 150! -=- 1»m.: 18.5 [16.3 T 1A ] 142 | 144 4.4
20,1 15.8 -=-= 127126 --- B.lﬁl!l.s w7livel--- Y118 10,4 f10,8] 100 | 209 == 110,93 | 10,4 --- 9.41 14,0 [1ay | ~°° R ' 13.4 14.2 | 14.4 4.4
20.2 | 15,0 | --- e )1n2 0.5 11,3 [10.a 123 o= a3 ue Juezies | s o0 Jits | aiel - | jes hes s | o s- 1187 1 148 [14s 144
(208 |1a3 |- |1a1)i9e] - |tas J1s|ins aes|-o- oz Lizn |a21 loaa | ons L= lizo |1aal -=- liep led 158 -t | e [aa 144
204 |1a6 |-~ Daesian ] - Tona Jass e Ivao|--- T3 Va2 Jazs[12a | 26 | --- a5 [ 15.2] -=- [15.4 fi6.0 [15.0 | — Soo 1A |43 144 14.4
20.3 | 14.2 | 14.3 12,7 ] 0.65 12,9 ]12.4 12,4 | --- 11.6 (122 (1.4 1.8 | 10.2 [--- |11.6 }11.3} --- IO..H 19,5 |15.5 = | 1.5 14.3 14.4 14. 4
| 20.5 | 14,4 So- 142|141 | s jresfoaa s - Jiza a2y |az? aas [ az0 (oo 149 | oass] --- 15.8 hig.0 [15.7 } -~ - | 183 143 (144 | 144
[ 22,1 | 16,8 RESARER Tows [ oalu 120 )--- Twa [ros (307 100 [ 1ow [--- [ias | 11.5]--- a5z k1.9 12,0 [ 135 1.0 | 130 | ez - = Td.'!“
22.2 | 14.4 <= j19.5 036 ] - | eeajrnelineliza]--- Jas Jrs finefns e oo Jue sl -- 10.8 Mtay 15,0 1152 | 18,3 § 135 | 41 | --- is.3}
2.3 |18.8 19.7 (18,2 | --- | ool {tae 120 --- 1.7 |has [welwe]ing |--- lis [ 113 -- w42 hz2.alnna 152 | 17w | 135 14.2 | --- 14.3
22. 4 14.4 (140 [14.3 ] --- 11,8 39,8 (1228 13,0 | -—- 1.4 133 |12.2 |18.4 | 12,4 |--- [13,4 |[14.0 S 15,8 [15,7 |15.5 | 14.6 18,8 13.5% 14.2 o 14.2
225 |18 6 —e Janmluza]--- Tozafuna [inr iz i~ |7 oo lios froe 107 [--- |ies |11 4, - 9.44112.2 11,2 |15.4 | 17.8 [ 13.5 | 041 | --- 14.%
226 | 14.2 13.0/14.2]--- |13 (107 129 13,0 --- (134 |13 2 124 {12.3 | 184 |--- l12.8 171_:- - 14.9 l15.4 [15.4 | 14.4 1.5 | 13.4 1 14 14.2
22.7 | a2 | 14.0 [ 14,1 [ -=- [11.2 |13,0 [ 139 12,9 |-~ J132 |12.0 ‘ 12.4 (1.2 | 120 {-=- [12.8 | 14.5] - 144 Jinalisg [148 | 183 [ 124 | 14.2 1z
22.8 | 1e.6 |- |1wz|as |- l1os [1ss]1aafrae|--- [12a [--- lwzalizg | - [--- 12.2 | 133 | 12,8 ha.al1s.a |247 | 185 | 334 | 141 | 14.3
23.1 |18 " --- 1138, --- --- | pro |1t s/ a12.6 --- 11 104 1070108 [0k | --- |ro.4 | 113 --- o312 108 [15.0 | 173 | 136 | w2 | -- 14.3 |
222 |88 e e e e T e = 12.3 1189 [12.4 [19.4 ‘ 12.4 | --- 112,06 | 14.8] --~ 14,8 §5.8 [15.9 | 14.4 7 18.3 12.8 14.2 | =-- 4.3
1.3 |18 oo 143 ) - | -- 1118 [1aE (4.1 fase T~ (w3 31 [12e 188 | 12,4 | --- |13.2 | 14.7] - 19.6 15.4 |15.7 | 147 ‘ 180 | tze | 143 | --- 14.3 |
| 72,4 1168 oo J143 ) -0 Ja-- [0t [ 18.7 (1408 (133 [= 140 (12,6 133 [13.8 [13.8 | .- 42 1w - 10 b5 315z | 1.7 | 170 | 1as L0 5 Ty |
23,8 15. 6 ce= 14,0 ) e== | =e= j11.8 137148 182 | --- 1 1.0 11,4 [13.2 13,7 [13.7 sx- 1140 | 14.7) --- 14.8 6.2 {16.5 | 14.5 179.7 | 13.5 14.2 14.2
T23.6 |18.8 s (12,9 == - 9.1a [ 118 [16.8 10,0 |-—- |11,3 [10.8 |10.8 10,6 | 10.3 |--- (11,0 | 11.0] - P.75 1.8 [10.8 | t4.4 | tG.8 | 1.8 | 14.2 14.3
24. 1 15.3 wee | 13,7 | - [ 0.28 157 [ 10,8 | 12,1 | --- L i.s .5 | 10.8 1106 | 1907 |--- J10.8 | 11.2) --- 9,43 12,5 |11.3 | 15.3 | T B 13.7 14.3 4|
20.2 | 156 |--= |14.8] - [--- [11.4 |1nm |10 (250 [-=- [wa2 (a4 [125 vas | vu3 [--- Jiz.w |t5.0]--- | 13.5 5.4 [15.8 |13.0 | w6 [ 1ne | 144 | - s
*See Flg. 24. j
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TABLE V| (Continved)

= T3
Diffuser Tolal Pressures, psia Nozzle Exiz E'.‘,L“: Fressures,

Channel Static Pressures, psia

0rZ-99-¥41-203V

Run  |*Time.

¥9

Number |13, sec | FEX-1|PEX-2 PEX-S[PEX-![?EX—& PNE-1 | PNS-2 | PNS-3| PRS5-4 | F1 P2 P3 | Pa | P8 P8 | PT | P8 Palplo Pll (P12 [ P13 | P14
25,1 1 13,2 | 22,1 22,3 l20.6 | 19.5 ) 22.3 [ 11.4 [14.1 [10.8 | 11.4 [11.8) 0.68] 9.98]13.4[13.2|12.010.0[10.2|10.4}12.8|12.0]12.2| 10,8 [11.8
28.2 | 14.0 | 22.1 | 28,9 [21.1 | 20.2 j22.6 | 121 138 l1a.9 | 21.7 [1L.@ro.0 {10.8 |1s.8|13.8)12.8010.5]10.6/10.0)12.8[12.8(13.0[11.1[12.8
i | 12,2 § 22,7 P A ‘208 | 189 |28.1 | --- |i4.0 [10.7 | 10,7 |--- [ g.s8l10.2 [13.4]15.4]12.7]10.8)10.3 10.0]12.8] 12.4 |12.8] 10.8 |11.7
20.2 | 12.8 | 21.8 | 22.5 |20.8 | 19,9 23,2 | --- |13.0 |10.6 | 118 [--- | --- }10.7 13.5]18.5(12.4]10.8]10.8]--- [12.9]12.8(13.0! 10.8 [12.1
27.1 | 18.0 | 24.7 | 25.4 22,9 | 22.4 |21 | --- | --- |11.8 | 13,8 [eco | cee | ce- Jooe |eee |aezf1na |07 --- [14.8] 14,9 |14, 7] 12,5 |13.2
2.2 | 18,0 | 24.3 | 2s.0 [28.0 | 2as J27.2 | --- [--- [ins [13.8 [--- [ oo [oee Teea o Taerf e in.g]--- [14.7] 14,8 |18.2] 12.8 |14.8
A T R e I e T o T o e e [ e P R B 14.8, 14,6 [15.3/12.8 [14.4
TR EERIE L e L e e e A T e e T s O e I T D S e T =
e T e e e e R A T B e e e R e o ey ey o I e e e e e P 3
28.2  18.4 | 239 | 247 |22.8 | 22,5 | 26.5 | --- 11,5 | 13.8 f-cv | oo |eoe J-e- feu- 114,8)--- | -oc |- 18,00 --- [--- [23.7]---
28.8 | 15.8 | 25.6 | 24.8 (228 | 223 [2a.8 | --- [--- 0.3 [184 Jeeo | aeoJoee foos Jeee [hai@])eee [ oo [oee [14.7) oo [--- 182 ]---
T T R T T T R e e e N R e e e e e T e e e e
T N A i T T I e R e L T e l'ys.5].--
j0.2 | 12,8 | 25.2 | 25.0 J23,0 | 22.1 [27.8 [12.7 Ji4.0 12,3 | 109 13,4012.2 |14.4 [16.1]18.8(14.3 u.ﬂn.elu.o 14.5] 14,4 14.6)13.4 (18.2
3.3 | 12.2 [ 4.8 | 25.7 j23.1 | 22,3 [zr.0 [12.7 l13.7 |11.6 [10.e [1a.slie [14.1 |16 716 7)1a8f10,8]11.7)--- [14.8]14.8)15 0[13.018.1
3.1 | 12.6 | 24,8 | 25.7 |22.8 | 22.2 | 27.8 | --- l13.4 |11.9 | 11.2 J--- ]11.8 [14,5 J16.8)18.0)14.9/11.8(11.7]--- {14.0)14.5!15.0]13.4 15.8
1.2 12,8 | 24.8 [ 253 J20,0 | 22,5 |27.4 | --- Jive 12,2 (1101 |--- [11.8 |14.8 |16.9|27.0|18.0]12.0]12. 0]~ [15.2] 14.0]--- 14.2 18,8
32,1 | 124 | 24.7 [ 25,5 |23.2 | 22,7 |20.0 |12.7 |13.6 [13.8 [ 111 J--- |12y |--- Jis.0[1e.8|1s 0f11.8)12.6(--- [1s.2[18 1]--- [1n.3]a7.0

*See Flg. 24.
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Run *Time

TABLE VI (Concluded)

Channel Stutic Pressurs, psin

l

Diffunar Statlc

Prezsure, psin

l €pray Chamber
Presaurc

Numberitp. sec == SRR —= v
P16 | P17 [ P18 | P19 | P20o 1 P2y | 1222 | P23 | P24 | Pas | pus | P27 |28 | P29 (P30 [ P31 | P82 | P33 [ P34 | P35 P36 | P37 | P38 | P30 | p4o P]‘:’ﬁi" Pgs a2l
25.1 [13.2 [10.6|10.8]11.2 [11.5 12,2 12,2 10.8| 12,2 12.0| 10.5| 10.5 | 32,0 | 11.6 [12.0 [10.1 |12 1| 14.2 13 1] 13. 4 | 13.5 |14.2 | 130 | 16.2 [13.7 | 14.3 | 1.5 | 14.4 |
25.2 14,0 [12.3 ) 12,4 | 128 |12 6 [13.5 | 13,2 12.4| 12,3 | 13.5 | 15.0) 12.7 | 12,1 12,8 | 13.2 | 12.7 | 12,9 | 14,3 | 13.0 | 13.2 | 13.4 |14.2 | 18.2] 16.9 |13 7] 14.3 | 1a.4 14.4 |
26.1 [12.7 | 12.0 | 12.0 | 10.8 J12.0 [ 17.6 | (2.5 11.3] 12.3 | 12.8 | 12.0| 12.0 | 12.6 | £1.8 | 12,0 | 11,6 | 11,8 | 14.1 [ 12.7 | 13.0 | 152 |13.8 | 18.1] 18.1 | 12.7 [ 14.9 | 14.4 143 |
ﬁ 12.8 | 12.2 | 12.1 [11.9 [12.3 [ 129 [12.6) 18.K 12 & [12.9 (12.5 | 12.4 | 12.9]12.3 | 12.0 | 12.4 | 12.5 | 14.4 | 12.8 | 13.0 | 13.1 (14,0 | 18.0] 6.1 | 13,7 ] 14.5 | 14.4 14.4
271 (160 13,9 1137 [ases Juas (144 [1a ] vz 1) a0 [1sr {137 3 ef 1as [aso[1as [1ze (132 163 [13.2 [13.1 | 14.2 [14.7] 19.3] 17.2 [ 18.5 | 14.3 | 14.4 14.4
T 272 {150 1.0 [ 141188 |14.6 ) 15.5 [15.0] 14 1] 1a.8 | 5.7 15.0] 14.4 150 14.4 T4.3 107 [13.8 | 15.8 | 13.6 | 13,7 [ 14.1 [14.¥ | 19.5 | 17.5 | 12.5 | 14.3 | 14.4 | “--‘___j
27,3 150 | 14.0 14,2 | 14.0 [14.7 (15.8  15.3 | 14,1 15,2 ( === [ 15 1] 14 4| 15,4 | 1d.4 [ 14.5 [13.9 [15.0 | 05.8 | 13.6 ) 18,6 | 14.1 |14.8) 13.3] 17.2 [ 13.4 | 14.9 | 14.4 14.4
27,4 [15.6 | 18.8) -—- (--- |12.7 1.2 | 10+ [ 1241 --- | 124} === [ == | 12.8 ] == | -—- |10.7 | 14.3] -~ |12.1|13.2 | 13.3 | 13.7) 16,0 |19.6 | 14.3 | 14.4 4.4
[zar [15.8  1as | e- [ --- 187 16.6 [ 18,3 | --- [15.8] === [ - [so| oo [--- [1e3] —ee 3w ] --- Tianl 26 s a4 1a.8 | 144 | a4
28 2 [15.4 [ 18.8] - [ --- [17.0 | --- | 16.7| 15.8] --- | <= ] 15.9] -—= | == [ 18,0 | === | <= J14.3[ === | o= |14.0 | —-- |14.8 13.2] 17.0 [15.3 | 14.5 | 14.3 14.3
283 {156 |13 [ &)~ [teaft5a] - |- [ 15.6] - |--- 16.7 | <= | === 1@ 9| == | ~-~ |19.8 | --- |14.6] 13.0] 16.3 |13.4| 14.3 | 14.4 | 14.4
za.a 194 12 4] - [c vza)--- Jina] oowd oo |-~ [rog] == [--- [0 === it 9.56] —-- [10.0 | 13.0[14.0 [13.7|14.2 | 14.4 14.4
2.z 13z Jwe |- [ [ T (s oe- Dees [ --- ] -~ |13.8 136|122 fra 2] - [1z7 g7 | -on [ oo | - | --- [iac3] 143 | 14 e 14. 4
30.2 |12.6 14,0 [ 14,0 13,8 |14.5 |16.3 j14.4[190.8 | 14.3 (15,3 | 14.1| 13.8) 14,0 | 10,8 [ 15,4 |12.8 [13.2]15.3 12.7 (12,8 | 14.3 | 4.0 | 13.8[17.6 13,5} 14.4 14. 4 14.5
20.3 [ 12.2 14.1 [14.2 |14.0 | 14.8 |16.6 | 14.7] 141/ 14.8 160/ 15.0| 14.0 14.914.0)13.9 | 1.2 | 186|154 /220 [13.0 | 14.2 | 14.9| 137]17.5[13.5 ] 14.4 14 ¢ 144 |
L1 [12.6 1142 144 (142 (151 1581517142/ 150 163 s8] e t|wsa{raofeolraa 128155 129 (100 (1.3 s 136/ 4 ian fraa | 1es 14. 4
3.2 (12,8 | 15.4 166 | 16,1 [16.9 (158 | 16,9 15.4| 156 | 10.8) 16,0 14.7 | 15,7 [ 14.7 | 14.7 | 14.0 | 14.2 15.7 [ 18.0 | 13.5 | 14,3 |15.0) 8.6 17,8 y15.8 | 14.4 14.1 14, 4
2.0 |24 [teo]s8 ve7 e lino] -« s 1s.8[1n.0[ 16 1] ta.9]a5.9 | e [ew [ran [ra2]os ez 0] s a [aaa [isof 138 1n 2 f135 [ 140 | 144 14.4

*See g, 24,
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TABLE Vil

SUMMARY OF 45-DEG CHANNEL ELECTRICAL MEASUREMENTS

0. Channel-te-Load Bank

Nun :‘;f':‘ Magned t.ced e | = _Curruu. Chanosl-tu- Load Bank, amp pp— _— J
Number | Strengeh, r Caniig. 13.8¢c | Elrment Ag| Elsment Ry | Flemant Cg | Elwsens Dp | Element Ey| Element Fp [ Element Cp | Element Hg |Element 1 [Element 3 [!emH[\m!M 1lm.mm| Element 11| Flement 13
grase L " " L] ne (14 194 14 1 20 12 124 12 11 [21)
6.1 Aerndynamie Chechout Firl.n_g- =
19.3 I l l ::]- W
171 ! —_—
U 1 | 00m 418 1 12.3 o ) | ) -1 2 -4 ) N 1 ' L4 Jr 1 2 =
180 ] 13,090 20 1 14,1 L] 3 o -1 = A ) s -1 o 1 o c | = -1
[ %) 20 000 i 1300 1 [ -3 | -4 -0 4 = " ¥ A 4 .4 B 4 1 _-: 2 = -3
9.2 | jmoag | wm 2 ! jsq -0 ] 3 .3 x 0 n 4 B A | [ - | B
) 6.3 | 30 1200 2 18,3 -5 7 14 1 10 10 .. 5 .3 i ) -1 1 -1
20 1204 3 15. 8 -0 -1 [ (] -1 [ 1 ] a 0 a t (] n -1
3.2 | as,g00 | e 3 15,0 -2 T -1 1 -4 s -1 3 ° ! -\ - 3 | -1
$o.y 18, von 97 1! ot 1 ] 1 -3 -2 -t [ -4 -8 =y -¥ -1 ! : O 7 T |
0.4 | 20 000 1200 | 2 | e 8 | -4 gl -4 E n -1 a -3 32 ] ) | 2 -3 L, |
30.3 | 17, 99g a13 R " e o -3 1 4 -2 -2 .4 3 -1 -2 a .1 [
L 268 | 20, ono 1200 T T s | ' n 4 5 4 - " .. 3 -1 -1 - -1 | -2
[ 2 13, 608 830 1 2 IF = | - LS T e = N - N
__,_’!’ 450 4 1.4 . 2 HF 4 -4 1 4 -2 4 Y 4 -1 ¥ 2 | n_j ] _0 1 =
Hﬁ 13, 000 a30 Iy = o aen l = = . i F - : = i . - o
12.4 20, 000 izen 4 "4 -1 | 4 -i4 a - 3 -10 -& -1 g -3 [— ‘ 1] -2 1
-
1,5 13.000 480 4 = v ] == e - B - - - - i .
e 20,000 1300 4 142 a L] 1 -8 ) - -8 _BA -4 -4 -3 -4 L =1 -1
12T 10,000 1100 ' 14} io L] 13 -4 | -8 ] '] -a -4 a E— -2 l 1 [ N )
228 | 20.ud0 ¥ 10 u RN ° 10 i) X ] -8 " .8 5 .7 P —4 __l 1 2 -2 1 =__||
131 13,000 i K { .- - vae o e ey B . i - | J | e e
13.1 2 | z 5 188 | -1 n . -5 3 .4 = A T [ 2 R Y
_!LL_lJ.LL'_-LM 5 w6 -5 2 ] o o n . . 2 . -4 s = e * :
21 4 20009 1200 8 18. 8 -0 » -1 -4 | -4 -8 4 -§ 11 .2 -1 I» :—. -3 L I‘_4 o
233 |__1200 b 15.8 -5 . a T T .8 7 2 e, 5 1 3 2 -1 1 |
220 | 30008 | 1200 s [ a a 0 ° 0 0 o 0 -1 3 ° e (== =
281 | 80,000 1300 PO 1 N o o) 2 -1 a1 [ 2 0 .z . 1 -k o | o | -z
02 A 156 9 -4 K -9 ] . -0 n .3 .1 T 2 .t -3
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Continued

TABLE VII (Continved)

Current, Channet-in-1 nad Rank. amp
Run Time, —-
Number| ty, sec| Flement 15 [ Element 17| Flement 19 | Element 21 | ¥lement 22| Elvinent 25 | lement 27 | Element 20 | Flamsnt 20 | Element 21 | Elemenl 83 | Flement 35 | Elament 37 { Flemen! 39 | Element 41 | Klement 43
22 134 156 188 138 187 134 "1 143 148 147 149 51 183 156 157
16.1 B Aerudynumiv Checkout Flrings
15,3 B i | ]
1.1 - |
11,2 | 132 -2 3 2 L 1 i [ o = s o - 1 -1 2 &
101 | 141 5 z 0 . 1 1 o 0 ) -1 3 a 3 0 = a
w2 | 142 1 2 1 3 o 2 2 v | K *'7 -2 2 o o z 2 »
1.2 | 152 -9 -2 0 KN " : 2 2 ' o= 2! 1 1 0 ) 1 -2 = Il
2| 1, o i 0 [ 1 2 2 T ) 1 ’ 2 1 [ 1 T [] =
701 | 188 -1 -2 ) n 1 o a 1 v | 4 a o ) ) o 0
20.2 | 13.0 3 -15 u 0 [ 3 3 2 t o | 2 n 1 1 1 2 []
202 14.2 | [ 1 a = 2 ) 2 & | 0| 3 o 0 2 2 § a 2
204 | 148 | o -20 E o 2 . 2 7 1 . ) o 2 ) ) 2
205 | 1.2 ’ o | 11 e -1 1 2 1 2 [} s [] 1 2 [ [ I |
206 | 144 e | -24 = 1 0 2 2 = 3 1 f [ a 2 2 0 )
22,1 ] --- . i = | - = N e =
22.2 | 144 oL -2 o o | 1 2 1 [} [ 1 0 ] o o f
22.3 e | = R - - - e -— f - [ ]| =~ 55
3.4 14.4 St i -2 2 o} 1 B 2 - s | 0 0 0 2 1 1 2
P = . i rF e —— ] . e il . A 4o L] . =T A
[ azal 142 S -1 it 0 z 4 2 L % 0 0 a a 3 3 3
227 e Taoe - 3 -2 ’> 0 1 3 o .- B | [ 1 o o 2 o )
[_22.! 14.6 -1 -1 -2 o (] 3 0 ] 16 [ ] (] 2 1 1
| sty swn 5 e Cov - e ar- . - —— .- - aae e — T iy
= — —
1.2 168 a -2 -2 o 1 3 g | 3 2 [} [ 1 2 5 0 =
232 188 0 0 1 a | 2 n 1 2= | o 0 0 0 ? 2 F 2 5o
2.4 168 0 & a o |7 2 3 3 = T 3 1 1 2 B \ |
ENET o a ¢ B T e R a I 1 1 n 1 2 2 1 a5
| 206, s -1 0 0 0 T 0 o | 0 ) 0 a o o 1 N
! 168 | t [ a _a ! a a 1| [ [ n v u 1 ) 2
M.2| 158 - -1 o o 2 ] AL " 0 0 \ 1 1 s | 2 s
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o, Concluded
TABLE Vil (Continved)

Current, Channel-tu-Load Dank, amp

N:x‘:::mr ;i.m:!;c Element 45 | Flement 47| Element 49| Element 51 | Elemenl At |Element Br| Elemant Cp (Element Dy | Element Ep | Element Fp | Element GTTE'Lemcr-l 21-22
1ot 161 s n 1) n 1 19 1 na ns 164
T Aerodynnm;r Checkout Flrings
16.3 + —— 5
17. 1 il ] i =
17.2 | 13.2 0 0 0 -3 0 4 -2 .3 -2 0 -1 -
1.1 | 4 a 0 2 7 2 a 3 | 6 4 | 4 4
102 | 143 | s 3 4 T 4 10 | T e, o e 4 | 6 5 =
1.2 | 5.2 1 2 o 8 3 M g 0 2 3 48
19.3 | 15.2 5 3 F EIE P 9 e TS 0 2 48
2001 | 15.8 0 o 0 o . T | il 0 1 1 4
20.2 | 15.0 o 0 0 1 P I TR il 6 6 B 7 40
20.3 | t4.2 0 2 4 8 6 f a 4 P & 4 3 5 |
20.4 | 14.6 2 3 4 8 i 8 I 1 7 7 38
20.5 | 4.2 | o a 1 4 7 6 1 5 3 6 ) 4l
20.6 | 14.4 3 3 2 T1a 8 8 i | W 5 % 1 67
22.1 - = = E— =
| 2.2 14.14 0 1] I\ 11 q 7 L] = 7__ R | [ 4 42
i ———
| 22.3 o —_ =2 . - e = = = == == S
I 22,4 14.4 2 ) 2 9 7 10 4 8 L] 2 -12 42
: - + -
25 gl e L E == e s = - A ! s
22.6 | 14.2 4 6 B 10 8 10 8 0 = 14 20 | 38
22.7 | 1.2 ] g 4 | 1n ] 25 sl e H 9 1 13 /8
22.8 | 14.6 2 2 P 1 o g 22 r 9 12 16 82
23.1 = ¥ & - = I - g - | =2
23.2 | 16,8 16 PaEge 10 10 Z 10 1 14 0 7 o 20
| 23.3 [ 18.8 Pageed o 3 8 1 8 5 10 4 7 8 57
| 23,4 | 168 PLeged a 3 10 e 6 4 0 A 7 5?
23,5 | 15.8 TR -2 1 10 8o arkl ot PR 3 4 7 B 57
23.6 | 18.6 0 ) 0 "o 1 0 0 1 0 o o | 16
241 | 15.8 0 0 1 0 2 2 0 2 ] 0 2 2 12
24.2 | 15.6 -18 14 -10 8 3 9 4 10 3 7 8 18
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b. Element Top-to-Element Bottom
TABLE VI

Aun T —— < Currant, Flement Top w Flemerd Botlum, wmip

Number | t3, #ar |Elamant || Flement 3| Elament 3 | Element 7] £lement 8 |Floment 11 Flemant 13 |Elument 16 Elemem 11 ey 19 (Hiement 21| Flemnnt 23 | Elctcnl ’b.’!lzrn:nl 27| Flament 28| Flement X1 | Element 33| Elenwent 18] Flement 17

n1 it} 121 23 26 17 a0 [£1) 173 158 a7 136 m 140 uz ) T HA 30

B e = Acrodynamin Checkot Firmges | ] =
= =—Lt S | »] B ’ | o - L L

. 3 R ey e T Sl ] 1 -2 4 3 3 H | ¥ H ] T %

1 s [ (] 0 1 E [ ) . 1 ¢ L] 8 1 ] &

1 (] 0 10 10 18 1] 10 0 10 10 1" o 10 1 w0 10 (]

[ 2. L] | ¢ L3 oA H [.] M B T 1 }» [ | 1 [

10 1 1n 1n [ 1" 10 » L] [ 10 a a W 10 W | 4 [l

J 3 1 2 o ! o 2 P 3 3 [ e | a | pi ey o

N W (] [ v ] e 1 Iy G " 6 i ] i s | Al [} 5
J | L} | g - B | T T ) v L ] 8 y_ 10 11 v_'f 2 ¢ !—_—L“—i

10 11 10 12 10 12 10 10 1 [l 10 12 1 | e 19 n [

s 4 b 5 [ -] b [} 8 4 ) ¢ 4. | & | s ] 5 " 4

10 10 | G | n tu 1] 1l 3 HEET 12 13 10 ] 2] B

| [ A_ A (] T H [ (3 [ L] ! 7 L T L] 5

o —alf Lol - L _— | e =i = =

an 4 y 12 10 10 10 ] 1 n | 1] T L] 9 L]
T T ® e —uigd 12 10 1a 10 s | 1e w_ | s [ e 10 10 ’ Ol

10 0] [} 10 19 10 10 1] ] 10 12 | 10 1n 10 1) | 1

8 o P (3 BT f ¥ » 1 “ 1w | . 1 s " v | [

a g= | g ula 3 10 19 4 10 “ w . L] 1 10 a a [

| s | 9 PSR R T ) 18 1 [ to 12 1 n ) i | |

| » to 10 12 ] 12 n n 15 10 10 12 in LI 1 ¥« | » 9

A L] 10 Wi LI N 7 L w 1) au 13 n on e | 1w ] i e

) =i g [} 2 | ! a [ a (] a 0 n el 2 L N )
[ e =S| =] { 1 2| 2 ] t 2 t 1 1 1 [ t )
] | a__ v 10 | ;T 1. 1] { (] 10 10 [ ) 10 3 S L] T ) ! )
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b. Concluded
TABLE VIl (Continved)

o Time, Current, Element Top-io-Element Rottom, au;--
Number | ta, sec| Element 38 | Element 41| Element 43 | Element 45 | Element 47 | Element 49 | Flement 51

152 154 156 158 160 162 164

16.1 Aerodynamic Checkout Firings

16.3 |

1.1 ] g

17.2 13.2 4 D 2 2 4 2 2

18.1 14.1 7 5 -- 5 8 4 ! 4

18.2 | 14.3 10 8 -- 7 1 4 | 4

19,2 15.2 8 3 1 6 I 3 4

19.3 15.2 10 8 8 8 5 4 5

20.1 15.8 o a (] 0 0 1 0

20,2 13.0 7 6 8 6 f 4 3

20.3 14.2 10 8 8 8 8 4 =

20.4 14.6 10 8 ] R 8 4 5

205 14.2 5 4 4 4 4 2 2

20. 6 1.4 | 10 9 R’ 8 7 3 5

22.1 Sl e | --- - - ---

22)3 14.4 s 5 T 5 | 4 5 4 | 4

22,3 - [ --- . .- --- cem

22.4 | 14.4 8 N RLE | 1 [ s 6 5 4;

22.% | --- --- f ---

226 | 14.2 9 \ 8 8 5 s = L e

20k T2 10 q 8 8 8 § | 4

22.8 14.6 8 5 7 [ 7 6

28, [ - - a-- --- - ---

29,2 16.6 a 8 7 5 .- 2 4

29.8 16.6 10 8 8 8 1 4 4

234 16. 6 12 a 8 B 2 4 g% T

23.5 15.8 1 0 g 8 -- 3 4

23,6 18. 6 0 0 0 0 a 0 0

24.1 15. 8 0 LAl ) 0 0 [ 0

24.2 15.6 B l 8 7 4 17 13 20
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c. Load Bank Voltages
TABLE VIl (Continued)

om Fome. L1 " n e Rix ik nig nku
umyer 1. svr Klesmrnt Ay= | Eemo Bp— | Femer Ty, | Fomem T e 1T T
Plamest Ty | Flacuent Ogy  [Flaiment Oy | Flement Ky Flosnond 17 | Wloment 18 | Mlpmmet 2] | Flomset T3 Floment 18
- t U L v L ) AR - —
T
141 - . =it = —
1m1
1z 1 1 L 0 A - E | “ (] (] i — % . » 3 1 [ 1] 1 4 T ¥ —
5 jna san T L T = == L | 2 L] ] M i 1 L] A— : L] L) | L3 L[] (1]
|_1e2 [Ha — i 1 e L] L] ' " =2 1 B i — H 1] L) = £ n .} EL] L1}
L] |7 1 L — [} i [} 3 I L [ ] | s e [} " 1 [} 1" 1] (L] L]
| B 1 [ . a -3 P " ] 3 1 | - 10 18 [ i i 18 1" " 1 1
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